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(57) Abstract: The present invention relates to a method and apparatus for point- 
ing the beams (63-67) of a wind profiler comprising a stationary antenna matrix (61) 
with several individual antenna elements (62). According to the method an input sig- 
nal is fed to the antenna matrix (61), and the phase of the input signal is adjusted 
for the individual antenna elements (62) in order to point the beam (63-67) of the 
profiler. In accordance with the invention separate feeder lines for each beam are 
used for feeding the signals to the antenna elements (62), and the phase differences 
between the individual antenna elements (62) are controlled with hybrid coupler el- 
ements (3, 4). 
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Method and apparatus for pointing the beam of a wind profiler 

The invention relates to a method according to the preamble of claim 1 for pointing the 
beam of a wind profiler. . 

5 

The invention relates also to an apparatus for pointing the beam of a wind profiler. 

In the prior art solutions the pointing is performed either mechanically tilting or with help 
of a delay line matrix implemented with coaxial delay elements and corresponding relays 
10 connecting the desired delay element to the antenna element. 

Mechanical tilting requires expensive mechanical solutions. The delay line matrix is a very 
. practical solution but the mechanical relays are unreliable and the detection of possible 
malfunctions of the relays is also difficult. 

15 

It is an object of the present invention to overcome the drawbacks of the above-described 
techniques and to provide an entirely novel type of method and apparatus for pointing the 
beam of a wind profiler by tilting it in four different directions and pointing it vertically. 

20 The goal of the invention is accomplished by using separate feeder lines for each beam 
direction for feeding the signals to the antenna elements. The phase differences between the 
individual antenna elements are controlled with hybrid coupler elements. 

More specifically, the method according to the invention is characterized by what is stated 
25 in the characterizing part of claim 1. 

Furthermore, the apparatus according to the invention is characterized by what is stated in 
the characterizing part of claim 4. 



30 The invention offers significant benefits over conventional techniques. 
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The invention improves the reliability of the.control system for beam pointing. Also savings 
in the production costs can be achieved. 

In the following the invention is described in greater detail with the help of exemplifying 
5 embodiments illustrated in the appended drawings in which 

Figure 1 shows a basic configuration of a wind-profiler. 

Figure 2 shows as a block diagram a phase distribution network with 90° phase increment. 
10 The first values show the output signal phases when the input signal is fed to port INI. The 
values in parentheses show the output phases when signal is fed to port IN2. All phases are 
relative to the "minimum delay phase". 

Figure 3 shows as a block diagram phase distribution solution for a wind profiler. 90° 
1 5 phase shift between the rows tilts the main beam by an angle depending on wavelength and 
distance of the antenna elements. 

Figure 4 shows as a block diagram a phase distribution network with 45° phase increment. 

20 Figure 5 shows as a block diagram a phase distribution network with 45° phase increment 
and a vertical beam. 

Wind profilers depend upon the scattering of electromagnetic energy by minor irregularities 
in the index of refraction of the air. 

25 

Since these irregularities are carried by the wind, they can be used as "tracers" of the mean 
wind. The wind profiler transmits a beam of radio energy within a narrow band of 
frequencies. If the scattering volume has a component of motion toward or away from the 
profiler, the returned signal will be shifted in frequency by an amount proportional to the 
30 speed of this motion. By measuring this Doppler shift, one can calculate the radial velocity 
of the irregularities within the scattering volume and thus velocity of the wind. The radial 
velocity in one direction is not enough to define the wind vector; measurements in at least 
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three directions are needed. Usually five beams are used to reduce errors due to spatial 
variability of the wind field. 

In the usual configuration as shown in figure 1, measurements are made using five beams: 
5 one 64 tilted to the east, one 67 tilted to the north, one 65 to the south, one 66 to the west 
and one 63 vertical. The profiler beams are generally pointed to high elevation angles The 
tilting is performed by a phase distribution network 60, which controls the phasing of the 
antenna matrix 6 1 . Individual antenna elements 6 1 are phased such that the beam is aligned 
to the desired direction. The antenna matrix 61 is in this solution typically stationary. 

10 

Figure 2 shows the basic solution of a hybrid coupler phase distribution network. The basic 
elements in this solution are hybrid couplers 3 and 4. These elements, for example element 
3 includes two inputs 70 and 71 and two outputs 5 and 6. The signal power is equally 
divided between the outputs 5 and 6. If a signal is fed to input 70, output 6 has a -90 ° 
15 phase shift compared to the other output 5. Correspondingly, when a signal is fed to input 
7 1, the output 5 has a -90 ° phase shift compared to the other output 6. Inputs 70 and 71 are 
isolated. Element 4 functions in the same way. 

If the vertical beam is omitted a simple power division network can be used with only two 
20 inputs 9 and 10 to create two beams in opposite directions. Only one row of hybrid couplers 
3 and 4 is used to create the phase distribution for the antenna rows. With two networks 21 
and 22 of figure 2 and one SP4T-switch 20 (or three SPDT-switches) plus required 
number of power dividers 23, 24, 25 all four beams can be created, as shown in figure 3. 
It is also possible to create smaller phase increments, but the increment will always be 90° 
25 divided by a power of two. A phase distribution network with 45° phase increment is 
shown in figure 4. In this solution four hybrid couplers 36 - 39 are used and the signal 
power is divided equally to couplers by power dividers 30-35. The phase in the outputs 40- 
47 rotates whole 360° inside this network. Thus the antenna field fed by the network can be 
easily extended by dividing each of the network outputs. 

30 

Even phase distribution and thus a vertical beam can be realized by using additional row of 
180° hybrid couplers 54-57 and an additional feed line (5 8) as in figure 5. If a 180°hybrid 
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coupler is fed from the first input, the two outputs have equal phase. If a 180° hybrid 
coupler is fed from the second input, the two outputs have phase difference of 180° relative 
to each other. To form the vertical beam the inputs 541-57 lof the couplers are fed by 
signals of even phase distribution from the input line 58. The tilted beams are formed by 
5 feeding the other inputs 542-572 of the couplers 54-57 by two quadrature hybrid couplers 
52 and 53 which form an increasing or decreasing phase distribution with increment of 45° 
when they are fed from the inputs 50 and 51 correspondigly. By omitting hybrid couplers 
53, 55 and 57 phase distribution of 90° is achieved. 

10 To create all five beams, two of the division network of figure 5 must be combined in the 
same manner as depicted in figure 3. In this case a five-position switch SP5T must be used 
and the second vertical beam input line 58 of figure 5 can be omitted. 
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Claims: 

1. A method for pointing the beams (63-67) of a wind profiler comprising a stationary 
antenna matrix (61) with several individual antenna elements (62) in which method 
5 - an input signal is fed to the antenna matrix (61), 

- the phase of the input signal is adjusted for the individual antenna elements 
(62) in order to point the beam (63-67) of the profiler, and 

- separate feeder lines for each beam direction are used for feeding the signals 
to the antenna elements (62), 

10 

characterized in that 

the phase differences between the individual antenna elements (62) are 
controlled with hybrid coupler elements. 

15 2. A method in accordance with claim 1 , characterized in that 90°-hybrid coupler elements 
are used to create four beams tilted in different directions. 

3. A method in accordance with claim 1, characterized in that an additional row of 180°- 
hybrid coupler elements are used to create the vertical beam. 

20 

4. An apparatus for pointing the beams (63-67) of a wind profiler comprising a stationary 
antenna matrix (61) with several individual antenna elements (62) which apparatus comprises 

- means for feeding a signal to the antenna elements (62), 

25 - means for adjusting the phase differences between the individual antenna 

elements (62), and 

- separate feeding means are used for feeding the signals to the antenna 
elements (62), 

characterized in that 

30 

the phase controlling means are hybrid coupler elements (3,4). 
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5. An apparatus in accordance with claim 4, characterized in that 90°-hybrid coupler 
elements are used to create four beams tilted in different directions. 

5 6. An apparatus in accordance with claim 4, characterized in that an additional row of 180°- 
hybrid coupler elements are used to create the vertical beam. 
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